The hypothesis that prothymocytes are distinct from and regulated independently of multilineage hemopoietic progenitors was tested by enumeration of these two cell populations in normal versus congenitally athymic (nude) mice. The absence of a thymus and of peripheral T cells in nude mice had no effect on the frequency of either multilineage progenitors (day 12 CFU-S) or prothymocytes (CFU-T), suggesting that there is no feedback regulation of CFU-T frequency. Thymus seeding from the bone marrow is therefore likely to be regulated by the availability of niches for prothymocyte maturation, rather than by feedback control of prothymocyte production.
INTRODUCTION
Early T-lineage cells identified in the thymus differ from hemopoietic stem cells in their surface phenotype, differentiation potential, and burst size in intrathymic adoptive transfer (Scollay et al., 1988; Wu et al., 1991) . At first sight, these observations support the idea that T-lineage progenitors originate in the bone marrow as one of the differentiation products of multilineag6 stem cells and migrate to the thymus where they find a microenvironment that supports their further differentiation.
If this model is true, progenitor thymocytes are distinct from hemopoietic stem cells and may be separable from them, either by physical methods or by using specific assays. A major problem in the clarification of the relationship between stem cells and T-cell progenitors is that very early T cells may only be detected by their ability to repopulate the thymus either in fetal organ culture or in vivo, assays in which highly purified stem cells are also active (Kingston et al., 1985; Spangrude et al., 1988) . Donor-type bone-marrow-derived cells proliferate very rapidly in irradiated host thymi, suggesting that the production of thymocytes is subject to some form of feedback regulation (Hirokawa et al., 1985) . However, the level at which such feedback regulation might occur is unknown. If T-cell progenitors Corresponding author.
are indeed distinct from stems cells, regulation of the T-cell supply may occur at the level of the production of these progenitors. The present study aims to test this hypothesis.
Nude mice exhibit a developmental defect in which the ectodermal and endodermal components of the thymus fail to unit. In these animals, the thymus rudiment is not colonized by progenitor cells, and very few mature circulating T cells are produced (Cordier and Heremans, 1975) . The few T cells that are seen as nude mice age may be escapees from extrathymic sites of T-cell production, such as the intestinal epithelium, which do not normally contribute significantly to the circulating T-cell pool (Kennedy et al., 1992; Ohteki et al., 1992) . If T-cell progenitors are subject to feedback regulation, the lack of T cells in nude mice should result in their overproduction. Even if T-cell progenitors are produced in normal numbers in nude mice, the lack of a "sink" for such cells would be expected to cause their accumulation, either in the bone marrow or in the periphery.
To test these ideas, nude versus normal bone marrow was tested for multilineage progenitor cells (day 12 CFU-S) as an index of overall hemopoietic progenitor production, and for the frequency of T-cell progenitor cells (CFU-T) in a limiting dilution intrathymic adoptive transfer assay (Spangrude et al., 1988) . The frequencies of CFU-S and CFU-T in bone marrow, and of CFU-T in the spleen, were identical in B6 and B6-nude mice. This argues against the model that T-cell progenitors are a subset of cells distinct from multilineage stem cells and subject to feedback regulation by the peripheral T-cell pool. The possible alternative models are discussed.
RESULTS AND DISCUSSION
The bone marrow of B6 and B6-nude mice contained identical numbers of CFU-S, within the limits of the assay (Fig. 1) Previous studies have shown that some intrathymic progenitor activity can be isolated from spleen (Goldschneider et al., 1986) . Accordingly, Tdepleted B6 spleen cells were compared to similarly treated B6-nude spleen cells in the CFU-T assay (Fig. 3) . The estimated frequencies of splenic CFU-T were identical; 1 in 153,756 in B6 and 1 in 159,913 in B6-nude.
Two conclusions may be drawn from these studies. First, the ratio between CFU-S and CFU-T is not (Wu et al., 1991) . This cell population was competent to differentiate into T cells, B cells, and dendritic cells (Ardavin et al., 1993) , while purified stem cells injected into an irradiated thymus also give rise to granulocytes (Spangrude and Scollay, 1990) . A search for non-T-differentiation potential in CD4-CD8-or CD3-CD8-thymocytes, using the CFU-S and IL-3-dependent CFU-C assays, revealed less than one CFU-S and less than one CFU-C per thymus (I.N.C., unpublished studies), To reconcile the present experiments with these data, it is necessary to propose that stem cells that arrive in the thymus very rapidly undergo lineage commitment. It may be that in the normal thymic microenvironment, such commitment is mandatory for their survival.
MATERIALS AND METHODS

Animals
C57BL/6 (B6) mice were obtained from the Jackson Laboratory (Bar Harbor, ME); C57BL/6-nu/nu (B6 nude) mice were from Taconic (Germantown, NY); and B6-PL-Thy-1 mice were bred in the Immunobiology Animal Unit at Yale Medical School. All animals were maintained under SPF conditions. perturbed in nude mice. This, plus the observation that highly purified bone-marrow stem cells are active in the CFU-T assay (Spangrude et al., 1988) (Received May 17, 1995) (Accepted July 17, 1995) 
